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2.1. Boundary conditions of the model 
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fff  NP pc3U LV WKH DPELHQW 3UDQGWO QXPEHU DSc f X LV WKH 6FKPLGW QXPEHU  ff  TTTN wt LV WKH WKHUPRSKRUHVLV
SDUDPHWHU  ff  CCCN wc LV WKH FRQFHQWUDWLRQ UDWLR  fff   TTTTTT wwrr JT LV WKH YDULDEOH YLVFRVLW\
SDUDPHWHU   dtdxmm GXGO f LVWKHXQVWHDGLQHVVSDUDPHWHUDQG  5H xLxKn H LVWKHVOLSSDUDPHWHU xKn O LV.QXGVHQ
QXPEHUDQG XUxx  5H LVWKH5H\QROGVQXPEHU
9DULDEOH3UDQGWO1XPEHU
7KHGHILQLWLRQRI3UDQGWOQXPEHUVKRZV WKDW LW LVD IXQFWLRQRIYLVFRVLW\ WKHUPDOFRQGXFWLYLW\DQGVSHFLILFKHDW%HFDXVH
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&RGHYDOLGDWLRQ
7R FKHFN WKH YDOLGLW\ RI WKH SUHVHQW FRGH ZH KDYH FDOFXODWHG WKH YDOXHV RI     ff c DQG  f cc IRU WKH )DONQHU6NDQ
ERXQGDU\OD\HUHTXDWLRQIRUWKHFDVH forT   J   E   H DQG  O IRUVWHDG\IORZIRUGLIIHUHQWYDOXHVRIK 7KXV
IURPWDEOHZHREVHUYH WKDW WKHGDWDSURGXFHGE\WKHSUHVHQWFRGHDQGWKRVHRI:KLWH>@DUH LQH[FHOOHQWDJUHHPHQWZKLFK
JLYHVXVFRQILGHQFHWRXVHWKHSUHVHQWQXPHULFDOFRGH
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7.1. Effect of the variable viscosity parameter 
7KH HIIHFW RI WKH YDULDEOH YLVFRVLW\ SDUDPHWHU rT IRU rT ! DQG rT  RQ WKH GLPHQVLRQOHVV YHORFLW\ WHPSHUDWXUH
FRQFHQWUDWLRQDQGYDULDEOH3UDQGWOQXPEHUIRUERWKVOLSDQGQRVOLSIORZVDUHGLVSOD\HGLQ)LJVDG)URP)LJVD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F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ZHVHHWKDWWKHYHORFLW\ZLWKLQWKHERXQGDU\OD\HULQFUHDVHVZKHUHDVERWKWKHWHPSHUDWXUHDQGFRQFHQWUDWLRQGHFUHDVHZLWKWKH
LQFUHDVLQJYDOXHRI rT 7KLVZRUNLVFRQVLVWHQWZLWK WKHZRUNRI5DKPDQHWDO >@ ,W LVDOVRREVHUYHGIURPWKHVHILJXUHV WKDW
YHORFLW\LVORZHUEXWERWKWKHWHPSHUDWXUHDQGFRQFHQWUDWLRQLVKLJKHUIRUQRVOLSIORZ  H WKHQWKHVOLSIORZ  H )URP
)LJ G VKRZV WKDW v3U DW WKH VXUIDFH RI WKH ZHGJH LQFUHDVHVZLWK WKH LQFUHDVH RI rT  7KH UHVXOW DOVR VKRZ WKDW YDOXHV RI
v3U ZLWKLQWKHERXQGDU\OD\HUFRQYHUVHDV\PSWRWLFDOO\WRWKHYDOXHRI f3U IDUDZD\IURPWKHVXUIDFHRIWKHZHGJH
7.2. Effect of the unsteadiness parameter 
7KHHIIHFWVRIXQVWHDGLQHVVSDUDPHWHUO RQWKHGLPHQVLRQOHVVYHORFLW\ WHPSHUDWXUHDQGFRQFHQWUDWLRQSURILOHVZLWKLQ WKH
ERXQGDU\OD\HU KDYH EHHQ GLVSOD\HG LQ )LJV  DF UHVSHFWLYHO\ )URP WKHVH ILJXUHV ZH REVHUYH WKDW WKH YHORFLW\ SURILOH
GHFUHDVHV ZKHUHDV ERWK WKH WHPSHUDWXUH DQG FRQFHQWUDWLRQ SURILOHV LQFUHDVH ZLWK WKH LQFUHDVLQJ YDOXHV RI WKH XQVWHDGLQHVV
SDUDPHWHUO 
7.3. Effect of the thermal conductivity variation parameter 
)LJ GZHREVHUYH WKDW v3U DV\PSWRWLFDOO\FRQYHUJHV WR WKHYDOXHRI f3U DV foK ZKLFK LVH[SHFWHG ,W LVDOVR IRXQG
WKDW
v3U LQFUHDVHVZLWKWKHLQFUHDVHRIWKHWKHUPDOFRQGXFWLYLW\YDULDWLRQSDUDPHWHUJ 
7DEOH VKRZV WKDW IOXLGYHORFLW\ DQG WKH WKHUPRSKRUHWLF SDUWLFOHGHSRVLWLRQYHORFLW\ IRUGLIIHUHQWYDOXHVRI rT DQGE  ,Q
7DEOH  ZH KDYH FDOFXODWHG WKH FRUUHODWLRQ FRHIILFLHQW U EHWZHHQ IOXLG YHORFLW\ f c DQG WKHUPRSKRUHWLF SDUWLFOH GHSRVLWLRQ
YHORFLW\  5HdV )URPWKLVWDEOHWKHYDOXHVRIUVKRZWKDWIOXLGYHORFLW\DQGWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DUH
KLJKO\ FRUUHODWHG IRU DOO YDOXHV RI rT  )URP WKLV WDEOH LW LV FOHDUO\ REVHUYHG WKDW ZKHQ WKH IOXLG YHORFLW\ LQFUHDVHV WKH
WKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DOVRLQFUHDVHVZKLFKLVH[SHFWHG7DEOHVKRZVWKDWWKHYDULDWLRQRIWKHUPRSKRUHWLF
SDUWLFOH GHSRVLWLRQYHORFLW\ IRUGLIIHUHQWYDOXHV RI6F DQGH 7KLV WDEOH VKRZ WKDW WKHUPRSKRUHWLF SDUWLFOHGHSRVLWLRQYHORFLW\
LQFUHDVHVZLWK WKH LQFUHDVHRI6FKPLGWQXPEHU)URPWDEOHZHREVHUYH WKDW WKH ORFDOVNLQIULFWLRQDQGWKH ORFDOUDWHRIKHDW
WUDQVIHULQDIOXLGRIFRQVWDQW3UDQGWOQXPEHULVORZHUWKDQLQDIOXLGRIYDULDEOH3UDQGWOQXPEHUZKHQQRVOLSIORZVZKLOHWKH
RSSRVLWHUHVXOWLVIRXQGIRUVOLSIORZV)URPWKLVWDEOHZHDOVRVHHWKDWWKHDEVROXWHHUURUEHWZHHQWKHSURGXFHGUHVXOWVGLIIHUHG
E\ OHVV WKDQZKHQ WKHQHJDWLYHYDOXHV RI rT DUHYHU\ ODUJH7KH DEVROXWH HUURUEHWZHHQ WKHSURGXFHG UHVXOWV LVPRUH WKDQ
ZKHQ  rT IRUQR VOLS IORZEXW WKHVHHUURUVEHFRPHDW  rT IRU VOLS IORZ2Q WKHRWKHUKDQG WKH
DEVROXWHHUURULQ T c LVDW rT  ZKHQVOLSLVDSSOLHGDWWKHVXUIDFHRIWKHZHGJH
7DEOH(IIHFWVRI rT DQG E RQWKHIOXLGYHORFLW\DQGWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\
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FRQGXFWLYLW\ DUH FRQVLGHUHG WR EH WHPSHUDWXUH GHSHQGHQW )URP WKH SUHVHQW QXPHULFDO LQYHVWLJDWLRQV WKH IROORZLQJ PDMRU
FRQFOXVLRQVFDQEHGUDZQ

L 7KH IOXLGYHORFLW\ZLWKLQ WKHERXQGDU\OD\HU LV IRXQG ORZHUZKHUHDVERWK WKH WHPSHUDWXUHDQGFRQFHQWUDWLRQDUH
KLJKHUIRUWKHFDVHRIQRVOLSIORZVWKDQWKHVOLSIORZV
LL 7KHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DWWKHZHGJHVXUIDFHLQFUHDVHVZLWKWKHLQFUHDVHRIIOXLGYHORFLW\
LLL 7KHORFDOVNLQIULFWLRQDQGWKHORFDOUDWHRIKHDWWUDQVIHULQDIOXLGRIFRQVWDQW3UDQGWOQXPEHULVORZHUWKDQLQDIOXLG
RIYDULDEOH3UDQGWOQXPEHUZKHQQRVOLSIORZVZKLOHWKHRSSRVLWHUHVXOWLVIRXQGIRUVOLSIORZV
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